Fertilization affects bacterial communities and element biogeochemical cycling in flooded paddy soils and the effect might differ among soil types. In this study, five paddy soils from Southern China were subjected to urea addition to explore impacts of fertilization on nitrogen oxide (N 2 O) emission and bacterial community composition under the flooding condition. 16S rRNA gene-based illumina sequencing showed no obvious shifts in bacterial community composition of five soils after urea addition. However, some genera were affected by fertilization addition and the influenced genera varied among soils. During the late period (day 8-19) of flooding incubation without urea addition, N 2 O emission rates were elevated for all soils. However, urea effects on N 2 O emission were different among flooded soils. For soils where nirS and nirK gene abundances increased with urea addition, N 2 O emission was significantly increased compared to control treatment. Redundancy analysis showed that dissolved organic carbon, ammonium (NH 4 + ), ferrous iron (Fe 2+ ) and nitrate (NO 3 − ) in pore water explained 33.4% of the variation in soil bacterial community composition, implying that urea regimes influenced the relative abundance of some bacterial populations possibly by regulating soil characteristics and then influencing N 2 O emission. These results provided insights into soil type-dependent effect of fertilization on the overall bacterial communities and nitrogen oxide emission in flooded paddy soils.
INTRODUCTION
Agricultural management significantly influences bacterial community composition and biogeochemical cyclings of elements in paddy soils (Zhao et al., 2013; Guo et al., 2014) . Fertilization and flooding managements are important anthropogenic activities for paddy soils to improve soil fertility, and thus to achieve high crop yields (Zhao et al., 2014) . They can greatly alter soil physical, chemical, and biological properties and processes, influencing soil microbial communities and nitrogen (N) biogeochemical cycling (Glick 1995; Nacke et al., 2011) . However, fertilization influences are complex in various types of flooded paddy soils, which need more studies to elucidate.
Previous studies have shown the effect of fertilization (especially N fertilization) on soil microbial community composition and N-cycling (Chu et al., 2007; Islam et al., 2011) . The response of bacterial communities to N fertilization varied under different conditions. Ruppel and Makswitat (1999) showed that N fertilization significantly altered microbial community composition of paddy soils, but Marschner et al. (2001) showed no shift in bacterial community composition with the addition of ammonium nitrate (NH 4 NO 3 ) to paddy soils. Similarly, no consensus has been reached in the effects of N fertilization on N 2 O emissions. By altering functional microbial community composition which regulates N 2 O emission, ammonium fertilization promotes N 2 O emission (Flessa et al., 1996; Chen et al., 2012) . However, there are also reports that N 2 O emission from paddy soils is not affected by N fertilization (Zou et al., 2005) . The effects of fertilization on N 2 O emission are still unclear due to the complex N 2 O formation pathways, including nitrification, nitrifier denitrification, denitrification, codenitrification, dissimilatory nitrate reduction to ammonium, nitrate assimilation and chemodenitrification, among which nitrification and denitrification are predominant (Braker and Conrad 2011) . These processes are affected by many factors including soil characteristics (Maljanen et al., 2004) . Vymazal (2007) and Faulwetter et al. (2009) showed that bacterial community composition and N 2 O emission are affected by oxygen and nitrate content, organic matter quantity, quality, and availability, redox potential, temperature, pH and soil type. Among these factors, soil type determining soil physicochemical characteristics (e.g. soil texture, nutrient level) is important in shaping bacterial community composition and regulating N 2 O emission. Thus, the inconclusiveness regarding the effect of fertilization on soil bacterial community composition and N 2 O emission among paddy soils might be related to the differences in soil types. More studies are therefore needed to investigate the variability in the effects of N fertilization on the bacterial community and N-cycling among different types of paddy soils. It was hypothesized that paddy soil physicochemical properties would affect the responses of bacterial community and N-cycling to fertilization under flooding condition.
To verify this hypothesis, five typical paddy soils with various physicochemical properties were collected from Southern China. Soils were flooded and amended with urea. The specific objectives were to (1) investigate the responses of soil bacterial community and N 2 O production to fertilization under the flooding condition; (2) determine the variability in the responses among different types of paddy soils; and (3) evaluate the role of soil properties in controlling bacterial community shifts and N 2 O emission. In addition, N-cycling functional genes were determined to link soil bacterial community changes to N 2 O emission to explain the variability in the effects of fertilization on bacterial community and N 2 O production among flooded soils.
MATERIALS AND METHODS

Paddy soil sampling and basic properties
Five types of paddy soils, including Jiaxing (JX) soil from Zhejiang Province, Yingtan (YT) soil from Jiangxi Province, Changde alluvium (CA) and Changde red clay (CR) soils from Hunan Province and Leizhou (LZ) soil from Guangzhou Province, China, were collected, respectively. Soil group, parent material and texture varied among soils (Table S1 , Supporting Information). After collection, soil samples were air-dried, sieved (2 mm mesh), and homogenized for physicochemical property analyses and the incubation experiment.
Soil total carbon (TC) and nitrogen (TN) were measured using an element analyzer (Vario MAX CNS, Elementar, Germany). Soil pH was measured in soil to deionized water suspension of 1:2.5 (w/v) using a Dual Channel pH/Conductivity Meter (XL60, Fisher Scientific, USA) (Lu 2000) . Potential nitrification activity was measured using a chlorate inhibition method (He et al., 2007) . Potential denitrification activity was determined using the acetylene (C 2 H 2 ) inhibition technique (Guo et al., 2011) . Basic soil characteristics are listed in Table 1 .
Incubation experiment
For each soil, ∼2.4 kg dry weight (DW) of soil was mixed with deionized water at soil:water ratio of 1:1 for pre-incubation in dark at 25
• C for 30 days. Then, each paddy soil was homogenized for incubation experiment. About 400 g DW of pre-incubated soil was transferred into wide-mouthed glass bottle (diameter 10 cm × height 15 cm), and then 400 mL of deionized water was added to flood soil. A soil porewater sampler (3S-10, Institute of Soil Science, Chinese Academy of Sciences, Nanjing, China) was vertically inserted into soil. Following this, two treatments were set in triplicates: urea treatment by adding urea solution into the flooding water at a rate of 200 mg N kg −1 dry soil and control treatment without urea addition. All bottles were incubated in dark at 25
• C for 19 days. During the whole period of incubation, water was replenished to maintain a depth of overlying water at ∼2 cm. N 2 O production and porewater samples were collected at different time intervals (0, 4, 6, 8, 13 and 19 days) of 19-day flooding incubation. Before gas sample collection, the pot was blocked with a rubber stopper inserted with a rubber plug. Gas samples were taken from the pot by a 50 mL air-tight syringe after blocking the pot for 2 h. After gas sampling, soil pore water was sampled using soil porewater sampler. At day 0, ∼1 g of soil samples were collected while soils samples at day 19 were destructively collected for bacterial community analysis. Soil samples collected at day 0 were defined as Control-0, while those collected at day 19 for control and urea treatments defined as Flood-19 and Flood + Urea-19.
Porewater and soil gas emission measurement
Porewater NH 4 + and nitrate (NO 3 − ) concentrations were measured using ion chromatography (ICS-3000, Dionex, USA), DOC was determined using total organic carbon (TOC) analyzer (Shimadzu TOC-Vcph, Japan), and dissolved ferrous ions (Fe 2+ ) fixed with 0.5 M HCl was measured using colorimetry with a ferrozine solution (Lu 2000) . Porewater parameters at day 0 of flooding incubation are shown in Table 1 . N 2 O concentrations in gas samples were analyzed within 1 day after sampling using gas chromatography (Agilent Technologies 7890A GC system, USA) with an electron capture detector.
Bacterial 16S rRNA gene amplification and Illumina sequencing
Genomic DNA in the soil samples collected at day 0 (Control-0), day 19 without urea addition and day 19 with urea addition (Flood + Urea-19) were extracted using FastDNA SPIN Kit (MP Biomedicals, Solon, OH, USA). Bacterial 16S rRNA gene amplifications were completed utilizing primers that target V3 region of the bacterial 16S rRNA gene, 338F (5 -ACTCCTACGGGAGGCAGCAG-3 ), 533R (5 -TTACCGCGGCTGCTGGCAC-3 ). Each pair of primers was used to amplify a certain soil sample and barcoded with a unique error-correcting eight-base barcode on both forward and reverse primers (Hamady et al., 2008) . Each sample was amplified using the following conditions in a final volume of 50 μL: 25 μL SYBR products were purified using a universal DNA Purification Kit (Qiagen, Germany). The DNA concentrations of the PCR products were determined using SpectraMax M5 (Molecular Devices) with PicoGreen. After purification and quantification, an equal amount of PCR products from different samples were mixed, purified and quantified. Combined PCR products were sent to Beijing Genomics Institute (Shenzhen, China) for Illumina sequencing.
Real-time PCR
Quantification of archaeal and bacterial amoA, nirK, nirS and nosZ genes were performed using real-time PCR system (LightCycler 480II, Switzerland). The primer pairs of Arch-amoAF/ArchamoAR (Francis et al., 2005) , amoA-1F/amoA-2R (Rotthauwe, Witzel and Liesack 1997) , cd3aF/R3cd (Throbäck et al., 2004) , FlaCu/R3Cu (Hallin and Lindgren 1999) and nosZ-F/nosZ-1622R (Throbäck et al., 2004) 
Data processing and statistical analysis
Emission rate of N 2 O (ER t , mg kg −1 h −1 ) was calculated as following,
where C represents the concentration of N 2 O in the gases collected from pot experiment (μL L −1 ); V represents the volume of the bottle (mL); P represents the atmospheric pressure (KPa, 101.325); M represents the relative molecular mass of gases; R represents the universal gas constant (8.314 L KPa mol
represents the thermodynamic temperature (K, 273.15); t represents the close time of bottle before gas sampling (h); m represents the weight of dry soil (g). Sequencing data were processed using the Quantitative Insights into Microbial Ecology toolkit-Version 1.7.0 following a procedure similar to Caporaso et al. (2010) . After removing any low-quality or ambiguous reads, the qualified sequences were clustered into operational taxonomic units (OTUs) at 97% similarity level by default. The most abundant sequence in each OTU was selected as the representative sequence and was assigned to taxonomy using an RDP classifier (version 2.2) (Wang et al., 2007) . To assess the internal (within-sample) complexity of individual bacterial populations, PD whole tree, chao1, the observed species and Shannon index were calculated. Rarefaction curves were generated to compare the level of bacterial community diversity between the samples. The differences in overall community composition between the samples were determined using principle component analysis (PCA) based on the genus matrix (Lozupone, Hamady and Knight 2006) .
To find out which factors were important in shaping bacterial community, redundancy analysis (RDA) was conducted using R (2.14.0, http://www.r-project.org/) with the community ecology package vegan (2.0-4) (Oksanen 2011 
RESULTS
Paddy soil basic characteristics
Basic characteristics varied considerably among the examined paddy soils ( 
Effect of urea addition on soil porewater characteristics in flooded soils
Compared to control treatments, urea amendments significantly increased porewater NH 4 + concentration for five soils during the 19-day incubation under flooding ( Fig. 1A) . In the treatments with urea, porewater NH 4 + concentrations peaked at day 4, followed by slight decreases to the end of the incubation. For the control and treatments with urea, porewater NO 3 − concentration in soil LZ increased continually from ∼0 to 38.7 and 24.6 mg L −1 during 19-day flooding incubation, while the increase of porewater NO 3 − concentration was not observed for the other four soils (Fig. 1B) . During the whole period of flooding incubation, NO 3 − was not detected in porewater of soil CR, while it maintained at low levels close to 0 mg L −1 in soils JX, YT and CA. For soil LZ, urea amendment significantly decreased NO 3 − concentration, while the effect was not observed for the other soils. For both the control and treatments with urea, porewater DOC concentrations in five soils showed significant increases during the early period (0-4 day) of flooding, followed by slight decreases during 4-19 day (Fig. 1C) . At the end of the incubation, porewater DOC concentrations were significantly lower for YT and LZ (∼50.0 and ∼18.0 mg L −1 ) than those for JX, CA and CR (>100 mg L −1 ) regardless of urea addition. Urea amendment slightly increased DOC concentrations for YT and LZ, while having no obvious effects for the other soils. During the 19-day flooding incubation, porewater Fe 2+ concentrations for JX, CA and CR were significantly lower in urea treatments compared to control treatments, while those for the other two soils were not affected by urea addition (Fig. 1D) . Concentration of Fe 2+ slightly increased during day 0-4 of incubation and then decreased during day 4-19 in control and urea treatments for JX, YT and CR, but continually increased for CA until the end of the incubation.
Effect of urea amendment on bacterial community composition in flooded soils
A total of 45 soil samples, collected from each paddy soil at day 0 (Control-0) and day 19 of flooding incubation with (Flood + Urea-19) and without urea addition (Flood-19) in triplicates, were subjected to soil bacterial community composition analysis using Illumina sequencing. A total of 472 644 sequences were obtained. After filtering, 438 715 high-quality bacterial 16S rRNA gene sequences, ∼92.8% of the total sequences remained. Rarefaction of observed species showed that even at a sequencing depth of 13 240, the diversity of soil bacteria continued increasing rapidly with increasing sequencing depth (Fig. S1 , Supporting Information), suggesting the high diversity of soil bacteria. No significant differences in PD whole tree, observed species, chao1 and Shannon index at the sequencing depth were found between Flood-19 and Flood + Urea-19 (Table S2 , Supporting Information), suggesting that urea addition had no significant effects on internal bacterial community diversity. The major bacterial community composition in paddy soils were Clostridia, Actinobacteria, Anaerolineae, Alphaproteobacteria and Deltaproteobacteria at class level, with Clostridia being dominant for all five paddy soils (Fig. S2 , Supporting Information). At genus level, Clostridium was dominant in all soils, while soil YT had a relatively higher portion of Symbiobacterium (Fig.  S3, Supporting Information) .
PCA was performed in each type soil at genus level (Fig. 2) . For all five paddy soils, soil samples collected at day 0 (Control-0) were separated from those collected at day 19 with (Flood + Urea-19) and without (Flood-19) urea addition (P < 0.05), which overlapped with each other according to Adonis analysis (P > 0.05). This indicated that flooding incubation without urea addition (Control-0 vs Flood-19) significantly changed soil bacterial community composition, while urea amendment (Flood-19 vs Flood + Urea-19) had no obvious effects on flooded soil bacterial community composition although it altered the relative abundance of some bacterial populations.
At genus level, the relative abundances of Bacillus for JX, Candidatus Solibacter, Anaerolinea, and Bacillus for YT, Bacillus and Caloramator for CA, Caloramater for CR, Clostridium and C. Solibacter for LZ soil were significantly higher at day 19 (Flood-19) than at day 0 (Control-0) of flooding incubation without urea addition (Fig. S4A, Supporting Information) . Comparison between soil samples Flood-19 and Flood + Urea-19 revealed that urea addition significantly increased the relative abundance of Clostridium and decreased that of Symbiobacterium for soil YT (Fig. S4B , Supporting Information). Different from soil YT, urea amendment had no obvious effects on the relative abundance of the dominant genus of Clostridium for the other four soils (Fig. S3 , Supporting Information), but on low-abundant genera such as C. Solibacter and Anaerolinea (Fig. S4B, Supporting Information) .
By envfit function (999 permutations), porewater Fe 2+ , NO 3 − , NH 4 + and DOC that significantly correlated with the bacterial community composition were selected in RDA analysis. These factors together explained 33.4% of the soil bacterial community composition variation (Fig. 3) 
Effect of urea amendment on N 2 O emission in flooded soils
Emission rates of N 2 O in control treatments were significantly elevated at day 13 from all soils and were significantly higher in soil CA than other soils during the flooding period (Fig. 4) . Following urea amendment, N 2 O emission at day 13 from soils JX, YT and CA was increased by 10.2-, 6.9-and 2.2-folds, while urea addition had no obvious effects for soils CR and LZ. The significant differences in N 2 O emission between control and urea treatments for soils JX, YT and CA only occurred after 8 days of the incubation. Before day 8, N 2 O emission rates in urea treatments were similar to those in control treatments. After day 13, N 2 O emission rates in the urea treatments decreased. However, at the end of the incubation, they were still significantly higher in urea treatments than control treatments for soils JX and CA.
Effect of urea amendment on N-cycling functional genes in flooded soils
Archaeal amoA was the most abundant in soil LZ, while this soil had the lowest nirS, nirK and nosZ gene abundances among the studied five soils (Fig. 5) 
DISSCUSION
Soil bacterial community shifts and N 2 O emission during the flooding period without urea addition
Previous studies have shown that bacterial communities in paddy soils could be shifted during flooding incubation (Noll et al., 2005; Kikuchi et al., 2007) . We found similar results that 19-day flooding incubation without urea addition (control treatment) significantly changed bacterial community composition of five soils (Fig. 2) , possibly through altering soil oxygen content (Noll et al., 2005) . Aerobic organisms are favored at the beginning, while facultative anaerobic or anaerobic bacteria are better adapted in the later stages, when oxygen availability is limited (Lüdemann, Arth and Liesack 2000) . In addition to oxygen, shift in bacterial communities after 19-day flooding incubation might be related to changes in soil chemical characteristics (Fig. 1) . Previous studies showed that the microbial transformations of iron and nutrient (carbon and nitrogen) were the dominant processes in flooded paddy soils (Schutter, Sandeno and Dick 2001; Weber et al., 2006; Ligi et al., 2014) . The temporal changes in DOC, NH 4 + , NO 3 − and Fe 2+ concentrations in porewater during the flooding period ( Fig. 1) which could serve as available substrates of microbes (Chu et al., 2007) might influence the bacterial community shift (Lüdemann, Arth and Liesack 2000) . Significant correlations between the relative abundance of specific genera and NO 3 − and Fe 2+ as the dominant factors (Table S3 , Supporting Information) further indicated that flooding influenced soil bacterial communities via altering soil chemical characteristics. However, the microbial populations affected by flooding incubation varied among the five soils (Fig. S4 , Supporting Information), suggesting that the effects depended on soil type, which determined amounts and kinds of available substrates. Flooding could accelerate microbial C-and N-turnover in the soil and thus enhance N 2 O emissions from soils (Wang et al., 2011; Berger et al., 2013) . In this study, for the flooded soil without urea addition, N 2 O emission rates were significantly increased for all soils at day 13 (Fig. 4) , suggesting that the late period of flooding incubation might provide a suitable anaerobic environment and supplied C and N substrates for growth of N 2 O-producing bacteria (Kimura 2000; Liesack, Schnell and Revsbech 2000) . However, N 2 O emission during flooding varied among soils. At day 13 of control treatments, N 2 O emission rate was significantly higher for soil CA than other soils. The differences among soils might be attributed to different C and N substrates and indigenous bacterial community composition. For example, Bacillus, several members of which are known as denitrifying bacteria (Tiedje 1982) , were enriched in CA after flooding incubation without urea addition (Fig. S4A , Supporting Information), probably contributing the elevated N 2 O emission. Another reason might be related to the continual increase in porewater Fe 2+ in CA during flooding incubation (Fig. 1D) , which suggested that Fe(III) oxides might be continually reduced and then accelerated the oxidation of organic matter (Weber et al., 2006) which could supply more substrates to promote N 2 O production.
Effect of urea amendment on soil bacterial communities
Urea addition could alter bacterial communities in paddy soils, while there are also studies showing no change in bacterial communities with urea addition (Ruppel and Makswitat 1999; Marschner et al., 2001) . In this study, urea amendment had no obvious effects on soil bacterial community composition shift (Fig. 2) , but significantly increased the relative abundances of some genera (Fig. S4B, Supporting Information) , which are related to the C-and N-cycling (Weber et al., 2006; Divya et al., 2011; Kanokratana et al., 2011) . Anaerobic conditions prevail in the flooded paddy soils. However, oxic or partially oxic niches occur due to the diffusion of oxygen through the flooding water, providing a suitable environment for ammonium (NH 4 + ) oxidation (Arth, Frenzel and Conrad 1998; Nicolaisen et al., 2004) . Urea addition into soils significantly increased porewater NH 4 + concentrations (Fig. 1A) , which could be transferred by nitrification, denitrification, anammox and Feammox (Shrestha et al., 2009; Chen et al., 2012; Thamdrup 2012) , and then influenced the relative abundances of some bacterial populations. In addition to NH 4 + , we observed that urea addition also influenced DOC, NO 3 − and Fe 2+ concentrations (Fig. 1B-D) , which played important roles in bacterial community variation among various soils (Fig. 3) , implying that urea amendment influenced the relative abundance of some bacteria possibly by altering soil characteristics.
Different soil characteristics might explain why effects of urea amendment on specific genera varied among soils. NH 4 + concentration was significantly correlated with genera of low abundance from JX, CA and CR, while it was correlated with high-abundance genera (Clostridium) from YT (Table S3 , Supporting Information). It might be related to different DOC concentrations among soils. Urea addition increased NH 4 + concentration, and then influenced the ratio of carbon and nitrogen therefore shifting the soil bacterial community (Högberg, Högberg and Myrold 2007) . During the flooding period, DOC was continually released into soil porewater, serving as the substrate of bacterial growth. However, DOC was gradually consumed with the increase of flooding time (Fig. 1C) . At the end of the experiment, DOC concentration (<50 mg L −1 ) in YT was lower than those in JX, CA and CR (>100 mg L −1 ). The low DOC might be not enough to support the growth of the dominant bacteria in YT after 13 days. As a consequence, NH 4 + could be transferred by various biological processes, which might directly or indirectly maintain the dominant bacterial growth (such as Clostridium) for soil YT. For soils JX, CA and CR, the decreased DOC (>100 mg L −1 ) might be still enough to support the dominant bacterial growth. Thus, the effect of NH 4 + increase after urea addition on growth of the dominant bacteria was not apparent, but was obvious on some bacterial populations with lower abundances. DOC concentration in LZ was much lower than that in YT, while NH 4 + concentration had no obvious correlation with the dominant bacteria. NO 3 − seemed to be the main factor influencing the dominant bacterial community for LZ (Fig. 3) , due to the accumulation of NO 3 − in the late stage of flooding period (Fig. 1B) . This was attributed to its highest nitrification activity but lowest denitrification activity (Table 1 ). The high NO 3 − concentration possibly replaced low DOC, becoming the dominant controlling factor in shaping the bacterial communities. The significant correlation between the dominant genera Clostridium and NO 3 − for soil LZ supported this hypothesis (Table S3 , Supporting Information). NH 4 + and NO 3 − instead of DOC as bacterial growth substrate might be the reason why urea addition significantly increased porewater DOC concentrations for YT and LZ (Fig. 1C) .
Effect of urea amendment on N-related functional genes
Nitrification and denitrification are important processes in soil N-turnover, which are affected by urea amendment (Akiyama et al., 2013; Ligi et al., 2014) . In this study, urea addition had no obvious effect in the abundances of archaeal amoA and bacterial amoA genes (Fig. 5) . This is similar to Chen et al. (2010) suggesting that the abundances of archaeal amoA and bacterial amoA genes mostly depend on soil types regardless of urea addition. However, our difference from Chen et al. (2010) was that bacterial amoA gene abundance outnumbered archaeal amoA for all soils. This inconsistency might be attributed to high ammonium level, which could promote AOB growth (Di et al., 2009; Jia and Conrad 2009 ). Urea addition significantly elevated the nirS and nirK gene abundances for soils JX, YT and CA, suggesting input of N substrates stimulated N-turnover bacteria and accelerated their growth. Similar results have been reported (Chen et al., 2010) . However, in soils CR and LZ, nirS and nirK gene abundances did not increase with urea addition, implying the response of the denitrifying genes to urea addition varied depending on soil properties. In soil CR, NO 3 − was not detected in porewater during the whole flooding incubation (Fig. 1B) . The lack of available NO 3 − might explain why nirK and nirS gene abundances were not increased with urea addition. However, for soil LZ, high and increasing NO 3 − concentration was found for urea treatment, but the nirK and nirS gene abundances were still low. The results implied that the dominant factor influencing the denitrifying bacteria abundance was not NO 3 − but the other properties, which might be unaffected by urea addition.
Effect of urea amendment on N 2 O emission
Urea amendment had no obvious effects on soil bacterial community composition, but played significant roles in N 2 O emission in soils JX, YT and CA. After 8 days, urea amendment significantly promoted N 2 O production for JX, YT and CA (Fig. 4) , possibly by increasing the abundances of nirK and nirS genes (Fig. 5) . Another possibility is that urea addition increased NH 4 + concentrations, posing a toxic effect on enzymatic activity in N 2 O reduction (Brons, Hagen and Zehnder 1991) . However, this promoting effect of urea on N 2 O production was not found in CR and LZ where increase in nirS and nirK gene abundances was not observed. The effect mechanisms of urea amendment on N 2 O production in the two soils might be different. For CR, lower N 2 O production might be due to the loss of NO 3 − which was not detected during the whole period of flooding (Roy and Knowles 1994) . Moreover, the relative abundance of Bacillus, several members of which are known as denitrifying bacteria (Tiedje 1982) , was significantly lower in CR than other soils (Fig. S3, Supporting Information) . In contrast, soil LZ had the highest nitrification activity and archaeal amoA, but its denitrification activity and nirS and nirK gene abundances were lowest (Table 1 ; Fig. 5 ), leading to a continual increase in porewater NO 3 − (Fig. 1B) . Although urea addition lowered NO 3 − accumulation in porewater of LZ probably by suppressing growth of nitrifying bacteria (e.g. Nitrospira), NO 3 − concentration was still significantly higher in LZ than other soils. The low denitrification activity was the reason why N 2 O emission rate was not elevated with urea addition for soil LZ.
In conclusion, agricultural managements played a vital role in shaping soil bacterial community and agricultural ecosystems. The present study showed that the effects of urea amendment on the relative abundances of specific genera and N 2 O emission rates in flooded paddy soils varied depending on the soil types, which could deepen our understanding of impact of the soil management on soil microbial composition and function. Further quantitative analysis on the interaction between NH 4 + and microbial communities and other nitrogen cyclingrelated functional genes in paddy soils might allow predictions of the microbial community change and N 2 O emission from various paddy soils under different management strategies.
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